Introduction
Angiopoietins comprise a family of vascular growth factors with angiopoietin-1 (Ang-1) and Ang-2 being the most studied [1] . They are thought to be involved in the pathogenesis of diabetic nephropathy (DN). Increased Ang-2 is associated with signs of renal damage such as albuminuria and decreased glomerular filtration rate [2] [3] [4] . Our previous study found that the levels of Ang-2 were both elevated in the serum and urine of diabetic patients even in the absence of microalbuminuria, increased urinary Ang-2 was positively associated with the degree of albuminuria [5] . However, the mechanism for the elevation of Ang-2 is not clear.
Inflammatory cytokines are believed to participate in the development of DN, and there is evidence that inflammation and angiogenesis are mutually dependent [6] [7] [8] [9] . Tumor necrosis factor (TNF)-α and interleukin (IL)-18 are considered to be the main regulators of inflammatory cytokines in DN [10] [11] [12] . Fiedler and Augustin have proposed that Ang-2 triggers an inflammatory response in endothelial cells by promoting the activities of inflammatory cytokines [6] . Activation of an inflammatory response can trigger molecular cascades that result in leukocyte recruitment and transmigration. Ang-2, TNF-α and IL-18 are all involved in this process [6] . However, the relationships of Ang-2 with levels of TNF-α and IL-18 in the serum and urine of DN patients are not clear.
Reactive oxygen species (ROS) are regarded as the common denominator in the pathogenesis of hyperglycemic injury [13] [14] [15] and diabetic kidney disease [14] . 8-hydroxy-2'-deoxyguanosine (8-OHdG) is a product of DNA damage in the presence of high levels of ROS, with specific enzymatic cleavage and 8-hydroxylation of guanine bases. It is currently considered to be a biomarker of oxidative DNA damage in the pathogenesis of DN [16, 17] . Generally, superoxide anion is rapidly removed by dismutation to hydrogen peroxide, which is decreased in diabetes [18, 19] . This process occurs either spontaneously or is caused by superoxide dismutase (SOD). Few studies have reported an association between ROS and Ang-2 in type 2 diabetes patients with albuminuria.
In order to identify the factors associated with elevated Ang-2, we measured TNF-α, IL-18, 8-OHdG levels and SOD activity in the serum and urine of diabetic patients with normo-, micro-, or macroalbuminuria. We evaluated their relationship with Ang-2 to identify factors that might influence or predict Ang-2 levels. We aimed to determine whether there was an association between Ang-2, inflammatory cytokines (TNF-α and IL-18) and reactive oxygen species (8-OHdG and SOD) in type 2 diabetes patients with albuminuria.
Materials and Methods

Subjects
This retrospective study included 113 patients diagnosed with type-2 diabetes mellitus (T2DM). T2DM was defined by established WHO criteria [20] , and the inclusion/exclusion criteria were same as in our previous study [5] . Briefly, the patients were recruited in the Department of Endocrinology and Nephrology at Union Hospital (Wuhan, China) between December 2012 and Mar 2014. Patients with macrovascular complications, acute diabetic complications, or other diseases that affect the urinary albumin excretion rate (UAER) were excluded. The patients were stratified into three groups by their UAER at enrollment: DN1 (UAER <20 μg/min); DN2 (20-200 μg/min); and DN3 (>200 μg/min). Thirty healthy subjects were recruited as a control group (NC).
Ten patients had a diagnosis verified by pathological evaluation of a renal biopsy. Kidney specimens obtained from those patients were divided into two groups by 24- The Medical Ethics Committee of Union Hospital, Tongji Medical College, Huazhong University of Science and Technology approved the study protocol; the study was carried out following the ethical principles of the Declaration of Helsinki. Patients and control subjects gave their written, informed consent to participate in the study.
Enzyme-linked immunosorbent assay (ELISA) of Ang-2, TNF-α, IL-18 and 8-OHdG TNF-α, IL-18, 8-OHdG, and Ang-2 levels in serum and urine were measured by an ELISA as we described previously [5] . Briefly, monoclonal antibodies specific for anti-Ang-2 (Raybiotech, Norcross, GA, USA), TNF-α (NeoBioscience Technology Co., Ltd, Shenzhen, China), IL-18 (Huaruikang Biotech Science Co., Ltd, Wuhan, China), and 8-OHdG (Cusabio Biotech Co., Ltd, Wuhan, China) were precoated onto microplates. Standards and samples obtained from study participants were added to the wells, and the Ang-2, TNF-α, IL-18, and 8-OHdG present were bound by the immobilized antibody. After washing with phosphate buffered saline (PBS), biotinylated anti-human antibodies specific for Ang-2, TNF-α, IL-18 or 8-OHdG were added. After washing unbound antibodies away, horseradish peroxidase (HRP)-conjugated streptavidin was added to the wells. After a final wash with PBS, a 3,3′,5,5′-tetramethylbenzidine (TMB) substrate solution was pipetted into the wells and the intensity of the color that developed was measured with a microplate reader (BioTek ELX800, USA) at a wavelength of 450 nm. All samples were tested in duplicate and the mean values were used for statistical analysis.
SOD activity detection
Total SOD activity in serum and urine were measured by a Superoxide Dismutase Assay Kit II (Calbiochem; Nanjing Jiancheng Bioengineering Institute, China) following the manufacturer's instructions. This assay uses a tetrazolium salt to detect superoxide radicals generated by xanthine oxidase and hypoxanthine. SOD activity was quantified by the hydroxylamine method using a spectrophotometer (SpectraMax 190 spectrophotometer, Molecular Devices Corporation, USA) at a wavelength of 550 nm. One unit of SOD activity was defined as the amount of enzyme required for 50% dismutation of the superoxide radical [21] , and SOD activity was expressed in U/ml.
Immunohistochemistry
Tissue samples were obtained by renal punch biopsy and prepared for immunohistochemical staining of TNF-α，IL-18, 8-OHdG and NOX4. Normal tissue obtained following nephrectomy due to kidney carcinoma served as a control. Briefly, 3 μm paraffin sections were deparaffinized in xylene and rehydrated in a 100%, 95%, and 80% ethanol series followed by 0.1 mol/L PBS, pH 7.4. Sections were then submerged in 10 mM citrate buffer (pH 6.0), and antigen unmasking was completed in a microwave oven. After cooling, sections were immersed in 3% H 2 O 2 at room temperature for 10 min, and in 5% bovine serum albumin (BSA) for 20 min. Subsequently, sections were incubated overnight at 4°C with rabbit anti-IL-18, mouse anti-8-OHdG, goat anti-NOX4, or rabbit anti-TNF-α primary antibody (all from Santa Cruz Biotechnology, CA, USA). After washing, the specific secondary immunoglobulin was applied for 30 minutes at 37°C. Colors were developed with diaminobenzidine (DAB, EnVision Detection Kit). Finally, sections were counterstained with hematoxylin and coverslipped using universal mounting medium. Control sections were obtained by omitting the primary antibody and replacing it with PBS.
Statistical analysis
Statistical analysis was done using SPSS, version 18.0, (SPSS, Chicago, IL). Data were presented as means±SEM. One-way analysis of variance (ANOVA) with Tukey's post hoc test was used to analyze normally distributed data. Kruskal-Wallis test was used to analyze non-normally distributed data. Pearson's or Spearman's correlation coefficients were used to test the significance of associations between variables. Factors that affected the two dependent outcome variables, serum Ang-2 and urinary Ang-2 levels, were determined by multivariable linear regression analysis including all those variables with P≤0.15 from univariate analysis by stepwise multiple regression. All tests were two-tailed. P<0.05 was considered statistically significant.
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Results
TNF-α and IL-18 increased in serum and urine of type 2 diabetes patients
Clinically relevant patient characteristics and Ang-2 levels were described in our previous study report [5] . Serum and urine samples were collected from both the type 2 diabetes patients and healthy controls for determination of TNF-α and IL-18 concentrations. Serum TNF-α levels were significantly increased in diabetes patients compared with controls (Fig. 1A) . When the concentrations in groups with different degrees of albuminuria were compared, it was found that serum TNF-α level was significantly higher in patients with macroalbuminuria (group DN3) than it was in groups DN1 and DN2 (Fig. 1A) . Diabetes patients with normal albuminuria (group DN1) had higher levels of urinary TNF-α than controls (Fig. 1B) , and urinary TNF-α increased in a stepwise manner with increasing degrees of albuminuria in the three groups of diabetes patients (Fig. 1B) .
Unlike TNF-α, the serum IL-18 level was not higher in group DN1 than in controls, but was higher in both patients with microalbuminuria and patients with macroalbuminuria (Fig.  1C) . The increase in urinary IL-18 levels was similar to that observed in serum. The mean value was higher in group DN3 (macroalbuninuria) than in group DN2 (microalbuminuria), but the difference was not statistically significant (Fig. 1D) . The expression of both TNF-α and IL-18 were increased in T2DM and peaked in group DN3; TNF-α was increased in patients with normoalbuminuria, but IL-18 began to increase in patients with microalbuminuria. Fig. 1 . Serum and urinary TNF-α and IL-18 levels in diabetic patients and controls. A. Serum and B. urine concentrations of TNF-α in diabetes patients and controls. The TNF-α concentrations showed stepwise increases in diabetes patients compared with controls according to the degree of albuminuria. C. Serum IL-18 levels were significantly increased in groups DN2 and DN3 compared with control subjects. D. Subjects with diabetes in groups DN2 and DN3 had significantly higher urinary IL-18 levels than control subjects. However, the increase from group DN2 to group DN3 did not reach significance. NC, control subjects without DN ; DN1, normoalbuminuria; DN2, microalbuminuria; DN3, macroalbuminuria. **P<0.01 vs. NC ; ***P<0.001 vs. NC; ## P<0.01 vs. DN1; ### P<0.001 vs. DN1;
8-OHdG increased and SOD activity decreased in serum and urine of type 2 diabetes patients
8-OHdG concentration and SOD activity were assayed in the serum and urine of T2DM patients to determine oxidant and antioxidant capacity. The serum concentration of 8-OHdG was significantly increased in diabetes patients compared with controls and increased significantly with each degree of albuminuria ( Fig. 2A) . The concentration of 8-OHdG in the urine of diabetes patients was also significantly increased compared with controls and increased significantly with each degree of albuminuria (Fig. 2B) .
In contrast to 8-OHdG, SOD activity was significantly decreased in the serum and urine of diabetes patients compared with the control group. Moreover, serum and urine SOD activity both decreased significantly with each stepwise increase of albuminuria (Fig. 2C, D) . Thus we found that 8-OHdG, which represents oxidant capacity, increased with the degree of albuminuria in diabetes patients who had baseline normoalbuminuria. At the same time, and in the same patients, SOD activity, a marker of the antioxidant capacity, decreased.
Increased TNF-α, IL-18, 8-OHdG, and NOX4 expression in glomeruli of diabetes patients
The expressions of TNF-α, IL-18, 8-OHdG and NOX4 in kidney glomeruli of diabetes patients was evaluated by immunohistochemical staining of renal punch biopsy tissues. As shown in Fig. 3 , strong staining of TNF-α, IL-18, 8-OHdG and NOX4 protein was detected in glomeruli alongside capillary loops of group DN-G1 patients, which to some extent reflects early changes of DN. In group DN-G2 patients, most glomeruli had lost the characteristic urine SOD activity were significantly decreased beginning in group DN1 compared with control subjects. NC, control subjects without DN ; DN1, normoalbuminuria; DN2, microalbuminuria; DN3, macroalbuminuria. ** P < 0.01 vs. NC; ** 
Correlation and multivariable linear regression analysis
Figs. 4 and 5 show the scatter plots and correlation coefficients for Ang-2 with the markers described above and calculated for in all diabetes patients. The Ang-2 levels in serum and urine were described in our previous study [5] . Correlation analysis showed the serum level of Ang-2 was positively correlated with serum levels of TNF-α (P<0. 
Discussion
In this study, we found that TNF-α, IL-18 and 8-OHdG concentrations in the serum and urine of diabetes patients increased with albuminuria, and were positively correlated with He/Li/Huang/Wang/Jiang/Chen/Su/Zhang/Wang: TNF-α, 8-OHdG, and Elevated Ang-2 in Diabetic Nephropathy increased Ang-2 levels. The TNF-α and 8-OHdG concentrations were higher in patients with normoalbuminuria than in control patients. Conversely, SOD activity in both serum and urine decreased with the development of albuminuria, and was negatively correlated with Ang-2. Furthermore, serum levels of TNF-α, 8-OHdG, and IL-18 predicted serum levels of Ang-2. Urinary Ang-2 level was independently associated with urinary TNF-α and 8-OHdG.
TNF-α and IL-18 are both prominent pro-inflammatory cytokines, and our study suggests that TNF-α may be implicated in the pathogenesis of DN because it was already increased in diabetes patients without overt albuminuria. TNF-α and IL-18 may reflect early renal dysfunction in patients with T2DM because they were observed in the presence of microalbuminuria. Positive immunohistochemical staining of TNF-α and IL-18 in the glomeruli of diabetes patients is consistent with previous studies that found overexpression of TNF-α mRNA or protein and IL-18 protein in glomeruli and renal tubules of humans and in animal models of diabetes [22] [23] [24] . Overall, these studies demonstrate that increases in TNF-α and IL-18 are associated with renal damage and may facilitate the progress of DN.
The significant positive correlation of increase in Ang-2 with increase in both TNF-α and IL-18 indicates that the renal dysfunction caused by hyperglycemia in DN might, at least partly, be due to interactions of TNF-α and IL-18 with Ang-2. Our study results suggest that Ang-2 and TNF-α might both be considered as early biomarkers of DN as they began to increase before microalbuminuria could be detected.
TNF-α level is an independent predictor of both serum Ang-2 and urinary Ang-2. Fiedler et al. reported the rapid release of Ang-2 from Weibel-Palade bodies, with induction of inflammation following TNF-α release in response to exogenous stimuli [25] . It has also been shown that the expression of Ang-2 mRNA is increased in the presence of TNF-α (10 ng/ ml) [26] . The results of this study together with the above lead to the suggestion that, in the presence of hyperglycemia, TNF-α might induce not only an inflammatory response, but also an angiogenic response involving overexpression of Ang-2. However, Yao et al. demonstrated that Ang-2 induced by hyperglycemia was sufficient to sensitize microvascular endothelial cells to TNF-α by its proinflammatory effects [27] . It is thus possible that Ang-2 release might enhance the harmful effects of TNF-α to induce an inflammatory cascade facilitating the development of DN. However, additional studies are needed to determine the specific causeeffect relationships among these biomarkers of DN.
It is well established that ROS is a common denominator in the pathogenesis of DN. Increased ROS activity can result from increased oxidant production and/or decreased antioxidant function. 8-OHdG, is generally regarded as a marker of oxidative DNA damage [28] , and is produced in the presence of high levels of ROS. SOD, known as the superoxide scavenger enzyme, constitutes the first line of defense against ROS. In this study, 8-OHdG levels were elevated and SOD activity was decreased in the serum and urine of type 2 diabetes patients. This is consistent with previous reports that 8-OHdG levels are increased in diabetes patients and in animal models and that reduced SOD activity is involved in the pathology of diabetes and DN [28] [29] [30] [31] .
In addition, changes in 8-OHdG level and SOD activity occurred in parallel with the severity of albuminuria. Immunohistochemical staining of NOX4, which is thought to be a major contributor to renal ROS [32] , and 8-OHdG were both positive in the endothelium of the glomerulus and vascular lumen in the early stage of DN and strongly positive in glomeruli that had lost the fundamental vascular and basement-membrane structure. These findings indicated that oxidative damage due to an imbalance of oxidant and antioxidant activity already existed in the early stage of DN, and was associated with renal injury. The 8-OHdG level was nearly 10-fold higher in urine than in serum, which together with the immunohistochemistry results leads us to infer the urinary 8-OHdG might derive from increased systemic oxidative stress due to NOX4-mediated ROS in renal tissue.
Furthermore, 8-OHdG levels were positively correlated with increased Ang-2 in both the serum and urine of type 2 diabetes patients; 8-OHdG was an independent predictor He/Li/Huang/Wang/Jiang/Chen/Su/Zhang/Wang: TNF-α, 8-OHdG, and Elevated Ang-2 in Diabetic Nephropathy of Ang-2 levels in serum and urine. This relationship between Ang-2 and 8-OHdG has not been reported previously. Growing evidence reveals that ROS produced by NOX act as signal molecules in angiogenesis to promote diverse redox signaling pathways and lead to the induction of angiogenesis-related genes, endothelial growth and proliferation [33] . In a study of oxidative damage of lung tissue, Faller et al. reported that hydrogen sulfide could simultaneously downregulate ROS and Ang-2 [34] . We thus propose that Ang-2 might be involved in the process of ROS-promoted angiogenesis. It has been reported that Ang-2 secretion and its effect on promoting vascular survival is regulated by extracellular regulating kinase (ERK), Jun N-terminal kinase (JNK), phosphatidylinositol 3-kinase (PI3-kinase), and eNOS pathways. These pathways have also been reported to play important roles upstream and downstream of ROS [35] [36] [37] , which potentially supports our conclusion that 8-OHdG is involved in the elevation of serum and urine Ang-2 concentrations in DN. Our results warrant additional study of how 8-OHdG and Ang-2 influence the progression of DN.
Study limitations
The findings of this study should be interpreted in the light of some limitations. First, this was a single-center, cross-sectional study that enrolled a small population. Second, we could only demonstrate an association between Ang-2 and inflammatory factors (TNF-α, IL-18), or Ang-2 and ROS (8-OHdG, SOD), not a causal relationship. The molecular mechanisms responsible for increased Ang-2 in DN can at first be investigated In vitro and in vivo in animal models. Third, in the statistical analysis, we did not adjust for possible confounders that may have affected the associations of TNF-α, IL-18, 8-OHdG, or SOD with Ang-2 levels. Because the study included only diabetes patients, we could not evaluate the precise effects of the confounders in this complex pathophysiological environment.
Conclusion
Increased levels of TNF-α, IL-18, and 8-OHdG and decreased SOD activity were associated with a worsening of albuminuria. Serum TNF-α, IL-18, and 8-OHdG predicted serum Ang-2 levels; urinary TNF-α and 8-OHdG predicted urinary Ang-2 levels. TNF-α and 8-OHdG were associated with elevated urinary Ang-2 levels in type 2 diabetes patients with albuminuria.
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